Seismic performance of flat slab under the different earthquake loading by Muhammad Izzulfikri, Azman
 SEISMIC PERFORMANCE OF FLAT SLAB 













B. ENG (HONS.) CIVIL ENGINEERING 
 









MUHAMMAD IZZULFIKRI BIN AZMAN  
 
 
Thesis submitted in fulfillment of the requirements 
for the award of the 






Faculty of Civil Engineering and Earth Resources 
UNIVERSITI MALAYSIA PAHANG 
 










I hereby declare that I have checked this thesis and in my opinion, this thesis is adequate in 







 (Supervisor’s Signature) 
Full Name  : IR. DR. SAFFUAN BIN WAN AHMAD 
Position  : SENIOR LECTURER 
















I hereby declare that the work in this thesis is based on my original work except for 
quotations and citations which have been duly acknowledged. I also declare that it has not 
been previously or concurrently submitted for any other degree at Universiti Malaysia 






 (Student’s Signature) 
Full Name : MUHAMMAD IZZULFIKRI BIN AZMAN 
ID Number :  AA14040 























This thesis is proudly dedicated to: 
All my beloved family (my mother, my father, my brother and all my friends) 
















Above all I would like to thank “ALMIGHTY ALLAH” who’s guidance and let me 
courageous at every moment to finish my thesis. I believe that he is the only sovereign 
authority who has control everything.  
I extend my humble and deepest appreciation to all that help me in writing this 
thesis. My first appreciation goes to my Supervisor Ir. Dr. Saffuan Bin Wan Ahmad who 
has given precious advice, instructions and knowledge during completing my thesis.  
Besides that, I would like to thanks the respected panel, Dr Fadzil bin Mat Yahaya and En. 
Khalimi Johari bin Abd Hamid for their comments and suggestion to improve my thesis.  
To my family, especially to my beloved father, Azman Bin Sajadi and my beloved 
mother Norzalina Binti Hasbullah for their continuous prayers and support. Not forget to 
my dearest friend Dinie Amni Binti Mahamud, and Fatin Nabihah Binti Suhaime who 











TABLE OF CONTENT 





TABLE OF CONTENT v 
LIST OF FIGURE viii 
LIST OF TABLE xi 
CHAPTER 1    INTRODUCTION 1 
1.1 BACKGROUND OF STUDY 1 
1.2       PROBLEM STATEMENT 4 
1.3 RESEARCH OBJECTIVES 5 
1.4 SCOPE OF STUDY 5 
1.5 SIGNIFICANCE OF STUDY 6 





                     2.1.1 WHAT  IS EARTHQUAKE? 7 
                     2.1.2 TYPES OF EARTHQUAKE 10 
2.2 SEISMIC WAVE 13 
2.3 EARTHQUAKE MEASUREMENT 15 
2.4 MAGNITUDE 16 
2.5 INTENSITY 17 
2.6 EARTHQUAKE IN WEST MALAYSIA 18 
2.7 FLAT SLAB 20 
2.8 ISSUES ON EARTHQUAKE EFFECT 22 
2.9 INTRODUCTION TO  SAP 2000 SOFWARE 24 
CHAPTER 3      RESEARCH METHODOLOGY 25 
3.1      INTRODUCTION 25 
3.2       LITERATURE REVIEW 27 
3.3       INFORMATION AND DATA COLLECTION 28 
3.4       SAP2000 PROGRAM 28 
                     3.4.1 Modelling 29 
                     3.4.2 SAP2000 Software Flowchart 30 
                     3.4.3 Steps in SAP2000 Software 31 
3.5 SUMMARY 37 




            4.1 INTRODUCTION 38 
4.2 CHARACTERISTIC OF STRUCTURE 38 
4.3 ANALYSIS OF CONCRETE FLAT SLAB STRUCTURE USING 
SAP2000   SOFTWARE 38 
                     4.3.1 Modal Analysis 39 
                     4.3.2 Dead Load (DL) + Live Load (LL) 46 
                     4.3.3 Dead Load (DL) + Live Load (LL) + Earthquake Load. 47 
                     4.3.4 TIME HISTORY ANALYSIS 48 
4.4 VIRTUAL WORK DIAGRAM 54 
4.5 RESPONSE SPECTRUM ANALYSIS (RSA) 56 
                     4.5.1 Acheh Earthquake loading 57 
                     4.5.2 Bukit Tinggi Earthquake loading 63 
4.6 SUMMARY OF THE ANALYSIS 67 
                     4.6.1 Time Period and Frequency 68 
CHAPTER 5    CONCLUSION AND RECOMMENDATION 69 
5.1       CONCLUSION 69 






LIST OF FIGURE 
 
Figure 1.1 : Types of Flat Slab Structure  ............................................................................. 2 
Figure 1.2 : Flat Slab in construction building ..................................................................... 3 
Figure 1.3: Major tectonic plates surround Malaysia. .......................................................... 4 
Figure 2.1: Cross-section of fault plane occurrence. ............................................................ 8 
Figure 2.2: Cross-section of fault plane of earth. ................................................................. 9 
Figure 2.3: Cross-section of Convergent Boundary. .......................................................... 10 
Figure 2.4: Cross-section of Divergent Boundary. ............................................................. 11 
Figure 2.5: Cross-section of Transform Boundary. ............................................................ 12 
Figure 2.6: Illustration type of seismic wave. ..................................................................... 14 
Figure 2.7: A seismogram. .................................................................................................. 15 
Figure 2.8: Modified Mercalli Intensity Scale compared to Ritcher Magnitude. ............... 16 
Figure 2.9: Richter magnitude scale with the effects occurred. .......................................... 17 
Figure 2.10: Map of earthquake epicentres in Sabah over the past century. ...................... 19 
Figure 2.11: Ilustration of solid flat slab.. ........................................................................... 20 
Figure 2.12: Punching Shear Failure in flat slab................................................................. 21 
Figure 2.13: Punching Shear Failure in flat slab................................................................. 22 
Figure 2.14:  Building collapse due to punching of the flat slab. ....................................... 23 
Figure 2.15 :  Step of Research Methodology. ................................................................... 26 
Figure 3.1: Select structure model type .............................................................................. 31 
Figure 3.2: Define grid system data .................................................................................... 32 
Figure 3.3: Add restraints at the base condition ................................................................. 33 
Figure 3.4: 3D view of the structure elevated flat slab. ...................................................... 34 
Figure 3.5: Load combination data ..................................................................................... 34 
Figure 3.6: Time history function using Acheh earthquake data ........................................ 35 
Figure 3.7: Time history load cases data ............................................................................ 35 
Figure 3.8: Time history function using Bukit Tinggi earthquake data ............................. 36 
Figure 3.9: Run the modal case (SAP 2000) ...................................................................... 36 





Figure 4.2 : Mode Shape 2 .................................................................................................. 39 
Figure 4.3 : Mode Shape 3 .................................................................................................. 40 
Figure 4.4 : Mode Shape 4 .................................................................................................. 40 
Figure 4.5 : Mode Shape 5 .................................................................................................. 41 
Figure 4.6 : Mode Shape 6 .................................................................................................. 41 
Figure 4.7 : Mode Shape 7 .................................................................................................. 42 
Figure 4.8 : Mode Shape 8 .................................................................................................. 42 
Figure 4.9 : Mode Shape 9 .................................................................................................. 43 
Figure 4.10 : Mode Shape 10 .............................................................................................. 43 
Figure 4.11 : Mode Shape 11 .............................................................................................. 44 
Figure 4.12 : Mode Shape 12 .............................................................................................. 44 
Figure 4.13: Modal period and frequency .......................................................................... 45 
Figure 4.14: Deformed shape from the analysis of dead load and live load. ..................... 47 
Figure 4.15: Bar graph of joint versus displacement at x-axis for AchehEarthquake 
Loading ................................................................................................................................ 48 
Figure 4.16: Bar graph of joint versus displacement at x-axis for Bukit Tinggi Earthquake 
Loading ................................................................................................................................ 49 
Figure 4.17: Bar graph of joint versus displacement at y-axis for for Acheh Earthquake  
Loading ................................................................................................................................ 49 
Figure 4.18: Bar graph of joint versus displacement at y-axis for for Bukit Tinggi 
Earthquake Loading ............................................................................................................. 50 
Figure 4.19: Bar graph of joint versus displacement at x-axis for for Acheh Earthquake 
Loading ................................................................................................................................ 50 
Figure 4.20: Bar graph of joint versus displacement at x-axis for for Bukit Tinggi 
Earthquake Loading ............................................................................................................. 51 
Figure 4.21: Bar graph of joint versus displacement at y-axis for for Acheh Earthquake 
Loading ................................................................................................................................ 51 
Figure 4.22: Bar graph of joint versus displacement at y-axis for for Bukit Tinggi 
Earthquake Loading ............................................................................................................. 52 
Figure 4.23: Forces: Dead, Displacement: Dead ................................................................ 54 




Figure 4.25: Forces: Live, Displacement: Live .................................................................. 55 
Figure 4.26: Spectra Displacement in X direction .............................................................. 57             
Figure 4.27: Spectra Displacement in Y direction .............................................................. 57 
Figure 4.28: Spectra Velocities in X direction .......................................................................... 57    
Figure 4.29: Spectra Velocities in y direction. ................................................................... 57 
Figure 4.30: Pseudo Spectra Velocities in X direction ............................................................ 58             
Figure 4.31: Pseudo Spectra Velocities in y direction. ....................................................... 58 
Figure 4.32: Spectra Acceleration in X direction ..................................................................... 58                                      
 Figure 4.33: Spectra Acceleration in y direction. .............................................................. 58 
Figure 4.34: Pseudo Spectra Acceleration in x-direction ........................................................ 58    
Figure 4.35: Pseudo Spectra Acceleration in y direction. .................................................. 58 
Figure 4.36: Spectra Displacement in X direction  ............................................................. 60                    
Figure 4.37: Spectra Displacement in Y direction .............................................................. 60 
Figure 4.38: Spectra Velocities in   X direction ........................................................................ 60           
Figure 4.39: Spectra Velocities in y direction. ................................................................... 60 
Figure 4.40: Pseudo Spectra Velocities in X direction ............................................................ 60              
Figure 4.41: Pseudo Spectra Velocities in y direction. ....................................................... 60 
Figure 4.42: Spectra Acceleration in X direction ..................................................................... 61                                     
Figure 4.43: Spectra Acceleration in y direction. ............................................................... 61 
Figure 4.44: Pseudo Spectra Acceleration in x-direction ........................................................ 61   
Figure 4.45: Pseudo Spectra Acceleration in y direction ................................................... 61 
Figure 4.46: Spectra Displacement in X direction .................................................................... 63            
Figure 4.47: Spectra Displacement in Y direction .............................................................. 63 
Figure 4.48: Spectra Velocities in X direction .......................................................................... 63                      
Figure 4.49: Spectra Velocities in y direction. ................................................................... 63 
Figure 4.50: Pseudo Spectra Velocities in X direction ............................................................ 63             
Figure 4.51: Pseudo Spectra Velocities in y direction ........................................................ 63 
Figure 4.52: Spectra Acceleration in X direction ............................................................... 64                     
Figure 4.53: Spectra Acceleration in y direction ................................................................ 64     
Figure 4.54: Pseudo Spectra Acceleration in x-direction ................................................... 64 




Figure 4.56: Spectra Displacement in X direction .................................................................... 65 
Figure 4.57: Spectra Displacement in Y direction .............................................................. 65 
Figure 4.58: Spectra Velocities in X direction .......................................................................... 65     
Figure 4.59: Spectra Velocities in y direction .................................................................... 65 
Figure 4.60: Pseudo Spectra Velocities in X direction ............................................................ 65              
Figure 4.61: Pseudo Spectra Velocities in y direction. ....................................................... 65 
Figure 4.62: Spectra Acceleration in X direction ..................................................................... 66                                       
Figure 4.63: Spectra Acceleration in y direction. ............................................................... 66 
Figure 4.64: Pseudo Spectra Acceleration in  x-direction ....................................................... 66 

















Table 4.1: Maximum Joint Displacement vs. U1 ................................................................ 53 
Table 4.2: Maximum Joint Displacement vs. U2 ................................................................ 53 
Table 4.3: Maximum Joint Acceleration vs. U1 ................................................................. 53 
Table 4.4: Maximum Joint Acceleration vs. U2 ................................................................. 53 
Table 4.5: Peak Respon Spectrum for Acheh Earhquake in x direction (Frequency) ........ 59 
Table 4.6: Peak Respon Spectrum for Acheh Earhquake in y direction (Frequency) ........ 59 
Table 4.7: Peak Respon Spectrum for Acheh Earhquake in x direction (Period) ............... 61 
Table 4.8: Peak Respon Spectrum for Acheh Earhquake in y direction (Frequency) ........ 62 
Table 4.9: Peak Respon Spectrum for Acheh Earhquake in x direction (Period) ............... 67 
Table 4.10: Peak Respon Spectrum for Acheh Earhquake in y direction (Period) ............. 67 
Table 4.11: Rigidity of shape according to their time period ............................................. 68 
